The natural course and prognosis of medium drusen and risk factors associated with the incidence and progression of this lesion type in age-related macular degeneration (AMD) are not well understood.
range, ≤63 to ≥250 μm) and type (hard, soft, distinct, and indistinct). Pigmentary abnormalities include clusters of pigment granules within the sensory retina (increased pigmentation) and sharply demarcated areas of retinal pigment epithelium (RPE) depigmentation.
The international classification and grading system for AMD categorizes medium drusen as intermediate soft drusen, defined as drusen with a maximum diameter of 63 to less than 125 μm, larger than the maximum diameter of hard drusen (<63 μm) but smaller than the minimum diameter of large soft drusen (≥ 125 μm). 1 A similar definition of this drusen type was used by the Age-Related Eye Disease Study 2 and clinical classification system, 3 categorized as medium drusen. Furthermore, the Wisconsin Age-Related Maculopathy Grading System 4 defines medium drusen by the maximum diameter, although the categorization of medium drusen is not used. In this study, we describe this type of drusen as medium drusen. Despite recent interest in medium drusen and their inclusion in AMD incidence studies, 5, 6 knowledge of the associated risk factors and the progression of medium drusen is limited. Medium drusen have been underrepresented in studies 3, [7] [8] [9] compared with large drusen, soft drusen, and pigmentary lesions. In this study, we aimed to assess the 15-year incidence and progression of medium drusen in an older Australian cohort, as well as associations between common AMD risk factors and the development and progression of medium drusen.
Methods

Population
The Blue Mountains Eye Study (BMES) is a population-based cohort study of vision and eye disease in Australians 49 years or older residing in the Blue Mountains region, west of Sydney. The survey methods and the BMES baseline population have been previously described. 10, 11 Briefly, 3654 residents 
Procedures
At each visit, a comprehensive interview with questionnaires on demographic and lifestyle factors and medical histories was conducted. A validated Food Frequency Questionnaire was self-administered by participants before each visit. Comprehensive eye examinations were performed as described previously. 10 Briefly, 30°stereoscopic retinal photographs of the macula and other retinal fields of both eyes were obtained using a fundus camera (FF3; Carl Zeiss) at the BMES I, II, and III examinations, and 40°photographs were obtained using a digital camera (CF-60 DSi with Ds Mark III body; Canon) at the BMES IV examination.
Photographic Grading
Retinal photographic grading of both eyes of each participant was conducted by 2 senior graders using a modified Wisconsin Age-Related Maculopathy Grading System protocol. 10 The
Wisconsin Age-Related Maculopathy Grading System grid consists of 3 concentric circles that subdivide the macula from the foveal center, with radii of 500, 1500, and 3000 μm that demarcate the central, inner, and outer subfields of the macula, respectively. The grid was superimposed on the macula during the grading. The grading procedures and intergrader and intragrader agreements have been previously described, 10 
Definition of Medium Drusen Incidence and Progression
The incidence of medium drusen was defined as its presence at the 5-year, 10-year, or 15-year follow-up visit in persons who had no drusen or hard drusen only in any eye at baseline visits. The progression of medium drusen was defined as a progression to worse AMD lesions, including large soft drusen, retinal pigmentary abnormalities, or late AMD at follow-up visits, in eyes with medium drusen as the most severe lesion at baseline visits.
Genotyping
Genotyping data were available in 2761 participants of the BMES cross-section II examinations, which included the original cohort and BMES extension survey (1999-2000) samples. A custom array (Human 670-Quad, version 1; Illumina Inc) was used, with stringent quality control testing using a whole-genome association analysis tool set (PLINK, version 1.07; http://pngu .mgh.harvard.edu/purcell/plink/). After quality control checking, 2534 participants with genome-wide association study data 0.968 for CFH (OMIM 134370) rs1061170 and 0.996 for ARMS2 (OMIM 611313) rs10490924.
The CFH single-nucleotide polymorphism rs1061170 was also genotyped in 1928 participants using an assay (TaqMan; Applied Biosystems), 13 and the ARMS2 single-nucleotide polymorphism rs10490924 was genotyped in 638 participants using restriction fragment length polymorphism analysis. 14 Imputed single-nucleotide polymorphisms of these 2 genes were used for the remaining participants. Of the 1544 and 547 participants who had both typed and imputed rs1061170 and rs10490924, respectively, the concordance rates between typed and imputed single-nucleotide polymorphisms were 99.6% for rs1061170 and 99.2% for rs10490924.
Other Risk Factors
Participants were classified as nonsmokers if they answered no to the question of whether they smoke regularly. Past smoking was recorded if participants had smoked regularly but quit smoking at least 1 year before the examination. Current smoking was recorded if participants were current smokers or had stopped smoking less than 1 year before the examination. Alcohol consumption (including beer, wine, or spirits) was categorized as none, 1 to 2, or more than 2 standard drinks per day. These categories were based on Australian National Health and Medical Research Council 15 recommendations of no more than 2 standard drinks per day. Systolic and diastolic blood pressure measurements were recorded from the first and fifth Korotkoff sounds using a mercury sphygmomanometer after participants had been seated for at least 5 minutes. 16 Dietary consumption and supplement use were extracted from the self-administered Food Frequency Questionnaire. 17 The Australian tables of food composition 18, 19 and the US Department of Agriculture carotenoid food composition database 20 were used to estimate the intake of nutrients, including lutein and zeaxanthin intake in micrograms. Regular fish consumption was defined as consuming at least 1 serving of fish per week. Fasting blood samples were collected from 3222 baseline participants to assess white blood cell count and cholesterol levels as previously described. [21] [22] [23] Briefly, white blood cell count was determined using cell counting methods (Coulter Counter; Beckman Coulter, Inc). 21 Total cholesterol, highdensity lipoprotein cholesterol, and triglycerides concentrations were measured on a reflectance photometric analyzer (Reflotron; Roche Diagnostics).
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Statistical Analysis
A software package (SAS, version 9.3; SAS Institute Inc) was used for statistical analyses. The 15-year incidence of medium drusen was estimated using Kaplan-Meier productlimit survival estimates and competing risk analyses that control for competing risk of death among persons at risk of medium drusen, after excluding participants with any worse stage of early or late AMD lesions at baseline. Associations between common AMD risk factors (age, sex, smoking status, blood pressure, white blood cell count, fish consumption, alcohol consumption, antioxidant and zinc supplementation intake, CFH rs1061170 and ARMS2 rs10490924 risk alleles, and total cholesterol, high-density lipoprotein cholesterol, and triglycerides concentrations) and the 15-year incidence of medium drusen were assessed using age-and sex-adjusted discrete logistic regression models. If these risk factors reached P ≤ .09 in the age-and sex-adjusted regression models, they were included in the multivariable-adjusted logistic regression model. The final multivariable-adjusted logistic regression model included age, sex, past and current smoking, zinc supplementation, and the combined CFH rs1061170 and ARMS2 rs10490924 risk alleles as covariables. The combined CFH rs1061170 and ARMS2 rs10490924 risk alleles were categorized as none, 1, 2, or 3 or more.
Frequencies of the progression from medium drusen alone, as well as from medium drusen plus RPE abnormalities, to worsening stages of AMD were reported. Generalized estimating equation models using the GENMOD procedure specific data to assess associations between medium drusen area and location characteristics and the progression to early or late AMD. Association estimates are presented as age-and sex-adjusted or multivariable-adjusted odds ratios (ORs) and 95% CIs.
Results
Prevalence of Medium Drusen
Of 3654 baseline participants, we excluded persons with late AMD (n = 75), early AMD (n = 185), or large soft distinct drusen (n = 113), and we included 3281 for the assessment of medium drusen. The status of medium drusen could be clearly defined in 2959 participants, among whom 534 (18.0%) had medium drusen, including 445 (83.3%) with medium drusen alone and 89 (16.7%) with medium drusen plus RPE abnormalities. Medium drusen was bilateral in 16.6% (74 of 445).
Incidence of Medium Drusen
Among 1317 persons without any AMD lesions at baseline who had been followed up, the 5-year, 10-year, and 15-year cumulative incidences of medium drusen were 10.1% (95% CI, 8.6%-11.9%), 17.7% (95% CI, 15.6%-20.1%), and 30.8% (95% CI, 27.7%-34.3%), respectively. After controlling for competing risk of death, the 5-year, 10-year, and 15-year cumulative incidences of medium drusen were 5.7% (95% CI, 4.8%-6.6%), 9.2% (95% CI, 9.1%-9.3%), and 13.9% (95% CI, 12.5%-15.3%). The 15-year incidences of medium drusen by age and sex are listed in Table 1 . The incidence rates across all age groups were comparable, except for those 75 years or older. The incidence of medium drusen was slightly lower in men compared with women. 
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Baseline characteristics of participants with and without incident medium drusen are listed in Table 2 . There were no significant differences in the mean age or the frequency of female sex between participants with and without incident medium drusen. However, participants with incident medium drusen were marginally more likely to have at least 1 risk allele of ARMS2 rs10490924 and have a lower mean white blood cell count and were less likely to be past or current smokers or to take zinc supplementation. Table 3 lists associations between known AMD risk factors and the incidence of medium drusen. Each decade increase in age was significantly associated with a 15-year incidence of medium drusen after adjusting for sex. The presence of at least 3 risk alleles of CFH rs1061170 and ARMS2 rs10490924 combined was significantly associated with an increased risk of developing medium drusen (OR, 2.1; 95% CI, 1.1-3.9) after adjusting for age and sex. These associations remained similar after additional adjustment for past and current smoking and for zinc supplementation. The 15-year incidence of medium drusen was inversely associated with a higher intake of zinc; however, this association was marginally nonsignificant in both age-and sex-adjusted and multivariable-adjusted models. Risk factors, including smoking status, blood pressure, white blood cell count, serum lipid levels, fish and alcohol consumption, antioxidant supplementation, and lutein and zeaxanthin intake, were not significantly associated with the 15-year incidence of medium drusen in the age-and sexadjusted models.
Progression of Medium Drusen
The frequency of the progression to large soft drusen in eyes with medium drusen alone was similar to that in eyes with medium drusen plus RPE abnormalities (41.8% and 50.0%, respectively; P = .20). However, the progression to late-stage AMD or late AMD lesions (geographic atrophy or neovascular AMD) was 4-fold higher in eyes with medium drusen plus RPE abnormalities compared with eyes with medium drusen alone (23.0% vs 5.0%). An example of medium drusen progression is shown in the Figure. Table 4 summarizes the 15-year progression of medium drusen to early and late AMD in relation to total area and location of medium drusen. Eyes with medium drusen plus RPE abnormalities were excluded. After adjusting for age and sex, a large total area (≥375 μm) compared with a small total area (<375 μm) of medium drusen was significantly associated with high risk of developing early AMD (OR, 2.9; 95% CI, 1.5-5.4) and any (early or late) AMD (OR, 3.0; 95% CI, 1.6-5.5). However, it was not significantly associated with risk of late AMD (OR, 2.3; 95% CI, 0.8-6.8). After further adjusting for smoking status, fish consumption, and the presence of the CFH and ARMS2 risk alleles, these associations remained. Similarly, the association between a central location of medium drusen and the development of early AMD (OR, 2.6; 95% CI, 1.4-4.8) and any AMD (OR, 2.4; 95% CI, 1.3-4.5) was significant after adjusting for these covariables.
Discussion
We found that 13.9% of at-risk persons 49 years or older developed medium drusen over 15 years. The incidence of medium drusen did not appear to differ across the 3 age groups from 49 to 74 years, but it was slightly higher in women compared with men. The lower incidence of medium drusen observed in participants 75 years or older at baseline is likely because most persons in this age group had died or passed this early stage of AMD, and few participants in this age group were considered at risk of developing medium drusen.
A per decade increase in age and the presence of at least 3 risk alleles of CFH rs1061170 and ARMS2 rs10490924 combined were independently associated with an increased risk of developing medium drusen. No other known AMD risk factors were found to be associated with the incidence.
Few population-based reports on the incidence of medium drusen are available in the literature. The 5-year, 10-year, and 15-year incidence rates of medium drusen in the BMES were 5.7%, 9.2%, and 13.9%, respectively. In the Reykjavik Eye Study, 25 a population-based study of residents in Iceland, the 5-year incidence of medium drusen increased with older age, ranging from 5.0% in individuals 50 to 59 years old to 22.7% in individuals 70 to 79 years old. In comparison, the overall 5-year incidence of medium drusen was 10.1% in the BMES (using the Kaplan-Meier method), or 5.7% after accounting for competing risk of death. The Copenhagen City Eye Study 26 reported a 27.4% 14-year incidence of medium drusen among persons 60 to 80 years old at baseline. The Beaver Dam Eye Study 27,28 found 14.0% and 23.9%, respectively, 10-year and 15-year cumulative incidences of medium drusen after adjusting for competing risk of death, higher than the 9.2% and 13.9% incidences at 10 years and 15 years, respectively, in our cohort study. Sources of disparity between our findings and the results of the Reykjavik Eye Study 25 and Copenhagen City Eye Study 26 likely include variations in defining medium drusen The age-related increase in medium drusen incidence before adjusting for competing risk of death found herein is consistent with other AMD stages and lesions. 7, 29, 30 Past or current smoking was not associated herein with the 15-year incidence of medium drusen as in previous BMES observations. 31, 32 Although current smoking was previously strongly associated with the prevalence and incidence of late AMD, the association between smoking and early AMD was much weaker than that between smoking and late AMD. 31, 32 Smoking may likely be a promoter, having a greater role in the progression from early to late AMD than in the initiation of early AMD. We demonstrated that risk of the progression of medium drusen to late AMD was substantially higher for medium drusen plus RPE abnormalities. This parallels previous findings of faster progression from early to late AMD in eyes with large drusen plus RPE abnormalities compared with eyes with large drusen alone. 27, 30, 33 This observation supports the use of severity scales that incorporate multiple lesion types to better classify risk of the progression to late AMD. 2, 3, 34 We also found that eyes with medium drusen located closer to the fovea or eyes with large total macular areas involved by medium drusen were more likely to progress to early AMD. The nonsignificant association of these characteristics with the progression to late AMD was likely due to the few incident late AMD cases in this cohort. These findings are consistent with the Beaver Dam Eye Study 28 in that the 15-year incidences of both early and late AMD were higher in eyes with a large total area of medium drusen at baseline compared with a small total area of medium drusen at baseline. The strengths of this study include its long-term follow-up of an older Australian cohort, the use of retinal photographs, and the availability of a validated AMD grading system to assess the size and location of AMD lesions. Its limitations include the low follow-up rate at the 15-year examination, which could have led to an overestimation or underestimation of the incidence. Because only color fundus photographs rather than high-resolution imaging (eg, spectral-domain optical coherence tomography) were available during baseline and follow-up examinations, this may have led to an underestimation of the prevalence and incidence. However, we used only color photographs among the entire BMES cohort to ensure that the comparisons were valid. Although the medium drusen category has been included in retinal photographic grading since the 5-year follow-up examinations, side-by-side grading of baseline and follow-up retinal images provided precise classification of this drusen type.
Conclusions
In summary, the 15-year cumulative incidence of medium drusen was 13.9% in this at-risk older Australian cohort. The proportion of eyes that progressed to late AMD was significantly higher in eyes with medium drusen plus RPE abnormalities compared with eyes with medium drusen alone. Larger total area and central location of medium drusen were associated with a greater likelihood of the progression to worse stages of AMD. These findings are informative for the monitoring and management of patients at risk of early and late AMD.
